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INTRODUCTION
Broad-based agricultural growth has been shown to be effective in reducing poverty. However, increases in agricultural productivity do not translate directly into improved health and nutrition outcomes. A broad body of literature demonstrates that the linkages between agriculture, health, and nutrition are dynamic and multifaceted (Gillespie 2001; Headey 2012; Hoddinott 2011) . Production-oriented projects that ignore the nutritional quality of food produced, potential trade-offs between crops for food and other uses, the health impacts of pesticide exposure and zoonotic diseases, and a range of other health and nutrition outcomes stand to have little-potentially even negative-impact on the well-being of the rural poor.
With the increasing recognition that agricultural growth and development do not necessarily translate into improved nutrition outcomes, policymakers are increasingly grappling with how to design and implement agricultural policies and programs that can also achieve nutritional objectives. Agriculture has direct links to nutrition in that it provides a source of food and nutrients and a broad-based source of income, as well as directly influencing food prices. Arimond, Hawkes, et al. (2010) have identified five pathways through which agricultural interventions can affect nutrition: increased food for own consumption, increased income, reductions in market prices, shifts in preferences, and shifts in control of resources within households. Gender roles have a substantial influence across all five pathways, particularly in relation to increased food availability and increased income. Thus, another possible pathway through which agricultural development could improve health and nutrition outcomes is by considering gender roles and gender equity in agriculture (Meinzen-Dick et al. 2012) . Gillespie, Harris, and Kadiyala (2012) highlight the role of the gender division of labor in agriculture, which influences the amount of time women have to take care of themselves and young children; the intrahousehold allocation of food, which affects women's nutritional status with its intergenerational effects on nutrition outcomes; and women's power in decisionmaking, which influences whether gains in income translate into nutritional improvements.
This paper attempts to examine two linkages between agriculture and nutrition, using a survey of 4,080 households from 16 districts across the three agroecological zones in Nepal in 2012. More specifically, the paper aims to (1) examine the extent to which production diversity influences maternal and child nutrition in rural Nepali households and (2) investigate the relationship between key indicators of women's empowerment and mother and child nutrition, taking into account the potential endogeneity of both empowerment and production diversity.
We use a newly developed index, the Women's Empowerment in Agriculture Index (WEAI) and its component indicators , to assess the extent of women's empowerment in agriculture, diagnose areas where gaps in empowerment exist, and examine the extent to which improvements in the underlying indicators in these areas can improve dietary diversity and nutritional outcomes in rural Nepal. The WEAI is a survey-based index that uses individual-level data collected from primary male and female respondents within the same households and is similar in construction to the Alkire-Foster group of multidimensional poverty indexes (Alkire and Foster 2011a, 2011b) . By using the aggregate measure of women's empowerment and focusing on indicators in the dimensions in which women are most disempowered, we may be better able to identify areas for policy intervention to improve maternal and child nutrition.
Our results show that production diversity improves mothers' dietary diversity and body mass index (BMI), but its impact on child outcomes is mediated by the child's age. Production diversity is positively associated with dietary diversity for children under two and predicts weight-for-age (WAZ), weight-for-height (WHZ), and height-for-age (HAZ) z-scores for children over two years of age. These impacts on children over two years of age are consistent with the biological growth process and patterns of growth faltering in children. Indicators of empowerment are significantly associated with maternal outcomes but have a variable effect on child outcomes. Women's autonomy in production and hours worked improve maternal and children's dietary diversity and HAZ. The positive and highly significant correlation between women's autonomy in agricultural production and nearly all maternal and child outcomes is consistent with bargaining models that suggest that individuals who have greater decisionmaking power in the household receive a larger share of the benefits from household resources, including nutritious food. We also find that the number of hours worked by a woman in both paid and unpaid tasks contributes to improved diets and nutrition in her household, though not necessarily her own nutritional status. This finding points to the ambiguity of women's workload as an indicator of women's empowerment. While the WEAI assumes that excessive time spent by women in unpaid and paid tasks is disempowering , leaving little time to care for themselves and their children, there may also be a counteracting income effect associated with working longer hours, resulting in additional resources available for improving both maternal and child nutrition.
Overall, our findings suggest that different dimensions of women's empowerment may have different impacts on women and children's diet and nutrition outcomes, and that improved nutrition is not necessarily correlated with being empowered in all the domains of empowerment, consistent with other findings in the empowerment literature (Kabeer 1999 ).
CONCEPTUAL FRAMEWORK Linkages between Empowerment, Production, and Nutrition
The rationale for considering women's empowerment in agriculture as a determinant of food and nutrition security is rooted in a body of empirical evidence that demonstrates the ways in which women are essential to improvements in household agricultural productivity, food security, and nutrition security. Considerable evidence exists that households do not act in a unitary manner when making decisions or allocating resources Haddad, Hoddinott, and Alderman 1997) . This means that men and women within households do not always have the same preferences nor pool their resources. The nonpooling of agricultural resources within the household creates a gender gap in control of agricultural inputs, which has important implications for productivity. Several empirical studies have found that redistributing inputs between men and women in the household has the potential to increase productivity (Udry et al. 1995; Peterman, Behrman, and Quisumbing 2010; Kilic, Palacios-Lopez, and Goldstein 2013) . There also is a link between women's control of resources and allocation of resources to food, although most empirical studies supporting this claim come from Africa south of the Sahara. For example, for Côte d'Ivoire, Hoddinott and Haddad (1995) and Duflo and Udry (2004) find that increasing women's share of cash income significantly increases the share of household budget allocated to food. Doss (2006) shows that in Ghana, women's share of assets, particularly farmland, significantly increases food expenditure budget shares. In Bangladesh, greater empowerment of women, also measured using the WEAI, has been found to increase per adult-equivalent calorie availability and dietary diversity .
Links between greater control of resources by women and child outcomes have also been verified in both observational and experimental studies (see Quisumbing [2003] for reviews of the former, and a systematic review by Yoong, Rabinovich, and Diepeveen [2012] for the latter). An expanded version of the 1990 UNICEF framework illustrates how several types of maternal resources may operate as key determinants of child nutritional status by influencing care practices such as feeding small children (UNICEF 1990; Engle, Menon, and Haddad 1997) . In addition to noting the importance of caregiver education, physical health, and mental health, this framework notes the importance of women's status by including the domains of maternal autonomy and control of household resources, workload and time availability, and social support networks (see Cunningham, Ferguson, et al. [2013] for a review of evidence from South Asia). However, these linkages are complex, and directions of impact between empowerment and nutrition outcomes are ambiguous. It is possible, for example, that increased empowerment enables women to allocate more of the family's resources to food, and to different types of food. Women's participation in paid and unpaid work, often viewed as a measure of empowerment, may also increase the resources available to the family through an income effect, but could also mean greater time away from the home and less time to devote to childcare.
Part of this ambiguity arises because empowerment is often not well defined, and what is perceived as empowerment is context specific. While increased mobility outside the home is often viewed as a measure of empowerment in Western contexts, in cultures that value female seclusion, such as in South Asia, and where labor market opportunities available to women consist of low-wage work, women themselves may seek to withdraw from the labor market as their families become wealthier. Kabeer (1999) argues that indicators of women's empowerment must be sensitive to the ways in which context shapes processes of empowerment, as well as to whether women are empowered in the specific roles that they play (as mothers and/or as wives or partners) in these particular contexts.
For agricultural households, production diversity may have a direct influence on nutrition, not only through incomes generated from agricultural production but also through the possibility of home consumption. If households consume a large share of the food products that they produce, greater diversity in agricultural production may increase the availability of different types of food for household consumption, in turn improving dietary quality among household members and reducing the incidence of stunting, wasting, and underweight. Various studies (for example, Arimond, Wiesmann, et al. [2010] and resources cited therein) have documented associations between dietary diversity indicators and micronutrient intakes or adequacy in developing countries.
Measuring Empowerment Using the WEAI
Although linkages between increasing resources controlled by women and nutrition have been established, the linkages between women's empowerment and nutrition have been more difficult to quantify owing to the difficulty of measuring empowerment. Kabeer (1999) defines empowerment as expanding people's ability to make strategic life choices, particularly in contexts in which this ability had been denied to them. In Kabeer's definition, the ability to exercise choice encompasses three dimensions: resources, agency, and achievements (well-being outcomes). The WEAI focuses on the agency aspect, that is, input in decisionmaking, rather than on the value of income and other assets or on achievements such as educational levels or nutritional status. The WEAI also differs from measures of empowerment derived from nationally representative surveys such as some demographic and health surveys (DHS), because these are based on questions about decisionmaking within the household that are typically confined to the domestic sphere and do not encompass decisions in the productive and economic spheres. Neither do most surveys have identical questions for men and women . Lastly, the WEAI captures control over resources or agency within the agricultural sector, which is the primary source of livelihood in developing countries and is not covered by existing indexes.
The WEAI is an aggregate index, reported at the country or regional level, based on individuallevel data on men and women within the same households. The two sub-indexes of the WEAI are (1) the five domains of women's empowerment (5DE) and (2) The 5DE sub-index measures how empowered women are, capturing the roles and extent of women's engagement in the agricultural sector in five domains: (1) decisions over agricultural production, (2) access to and decisionmaking power over productive resources, (3) control over use of income, (4) leadership in the community, and (5) time use. It assesses the degree to which women are empowered in these domains, and for those who are not empowered, the percentage of domains in which they are empowered.
2 These domains are constructed using 10 indicators, defined in Table 2 .1. The GPI reflects the percentage of women who are as empowered as the men in their households. For those households that have not achieved gender parity, the GPI shows the empowerment gap that needs to be closed for women to reach the same level of empowerment as men. The aggregate index shows the degree to which women are empowered in their households and communities and the degree of inequality between women and men in their households. Details regarding the construction and validation of the index can be found in Alkire et al. (2013) ; in this paper, we use the aggregate women's 5DE score and its component indicators as our measure of women's empowerment.3 Source: Alkire et al. (2013) .
CONTEXT AND DATA
Country Context and Survey Design
In the last decade Nepal has seen an impressive reduction in undernutrition among children under five years of age. Between 2001 and 2011, the Nepal Demographic and Health Surveys (NDHS) show that the rate of child stunting (low HAZ) declined by 16 percentage points and underweight (low WAZ) declined by 14 percentage points, while the rate of wasting (low WHZ) remained stagnant (Nepal, MOHP et al. 2012 ). But current rates of undernutrition still remain high: 41 percent of children are stunted, 29 percent are underweight, and 11 percent are wasted (Nepal, MOHP et al. 2012) , with substantial regional variations. Kathmandu's child stunting rate is about 31 percent, whereas in Humla, a far western district, stunting reaches 72 percent. Although 53 percent of children under five years of age in the mountains compared to 37 percent in the terai (the flat region), absolute numbers of stunted children are higher in the terai, where more than 50 percent of Nepalis live, compared to the less than 10 percent of the population residing in the mountains. Socioeconomic, demographic, cultural, gender, and ethnicity/caste factors also generate stark contrasts among different population subgroups' health and nutritional outcomes. Dalits and other socially excluded ethnic and religious groups face unique disadvantages (Nepal, MOHP et al. 2012; Nepal Global Health Initiative Strategy 2010; Joshi et al. 2012; Nepal, National Planning Commission 2012 ; USAID Feed the Future 2010).
Challenges to attaining food and nutrition security in Nepal are diverse and include poverty, the recently ended civil war, limited arable land, and seasonal fluctuations in yields, as well as lack of access to social services, poor sanitation and hygiene practices, and suboptimal infant and young child feeding practices (Joshi et al. 2012; Nyyssölä 2007; Smith et al. 2003 ; USAID Feed the Future 2011; Haddad et al. 1996) . Furthermore, the Asian enigma, the case in which economic growth is not followed by expected reductions in child undernutrition, postulates that women's low social status may be a key contributor to undernutrition among women and children in Asia (Ramalingaswami, Jonsson, and Rohde 1996) .
To investigate linkages among women's empowerment, production diversity, and nutrition outcomes, we use data from a baseline survey conducted as a part of the evaluation of Suaahara, a USAID-funded multisectoral program in Nepal aiming to improve the nutritional status among children under two years of age and their mothers, over a period of five years from 2011 to 2016 (Cunningham, Kadiyala, et al. 2013) . A total of 4,080 households with children under five years of age in 240 rural wards (the lowest administrative unit in Nepal) were surveyed, across the three agroecological zones of mountains, hills, and terai. A map of the survey area is found in Figure 3 .1. 4 Data collection occurred from mid-June through early October 2012, which was the middle of the rainy season. This seasonality is important to note given that agricultural production, food consumption patterns, and nutritional outcomes vary seasonally, making the results perhaps not generalizable to other seasons. This survey included four different questionnaires: (1) a mothers' questionnaire with the mother of the index child as the respondent; (2) a men's questionnaire for the husband of the mother of the index child, or another major household decisionmaker when the husband was unavailable; (3) a questionnaire for a group of community leaders per ward; and (4) a questionnaire to be administered to one frontline health worker, a female community health volunteer, per ward.
The mothers' questionnaire covered a broad range of issues related to determinants of maternal and child health and nutrition, as well as household food security and empowerment in agriculture. This part of the survey also involved taking anthropometric measurements and drawing blood to measure the hemoglobin status of children and the mother of the index child in the household. If available, the grandmother of the index child was also asked a short series of questions focusing on her perceptions of maternal and child health and nutrition. The male questionnaire covered household demographics and socioeconomics, as well as agricultural practices and empowerment in agriculture. The community leaders were interviewed as a group about ward access to key facilities and health and agricultural staff, migration patterns, livelihoods and poverty, social capital, leadership in the community, economic events, and local prices (Cunningham, Kadiyala, et al. 2013) .
To measure women's empowerment in agriculture, we administered the WEAI questionnaire developed by Alkire et al. (2013) and piloted in Bangladesh, Uganda, and Guatemala. Unlike the approach used in the WEAI pilot studies, where the self-identified primary male and primary female decisionmakers were chosen as respondents to the WEAI module, the Suaahara dataset collected the information from the mother of the index child and from her husband (or another male primary decisionmaker, if the husband was unavailable). Throughout this paper, we will refer to women's empowerment and mothers' empowerment interchangeably.
Sample Characteristics
Tables 3.1 and 3.2 compare characteristics of the Suaahara sample with those from the rural sample of two nationally representative surveys, the 2011 NDHS and the 2010-2011 Living Standards Measurement Study (LSMS). The demographic and agricultural characteristics of the Suaahara sample households suggest a lower socioeconomic level than the rural LSMS sample (Table 3 .1). Suaahara households are larger and a higher proportion are female-headed. Close to 100 percent (98.3 percent) of agricultural households in the Suaahara sample had land, compared to 84.7 percent in the LSMS sample, but the Suaahara sample cultivated smaller landholdings, on average (0.4 hectares compared to 0.7 hectares). A fifth of the Suaahara households and more than half of rural LSMS households had access to irrigation. Slightly more than 40 percent of households in the Suaahara sample received remittances, compared to 58.2 percent nationally, but the Suaahara sample households received substantially larger average remittances, possibly owing to these remittances coming from international rather than domestic migrants (Table 3 .2). The Suaahara definition is based on the employment status of the household head. The LSMS definition is based on all household members aged five years and older and is based on whether the individual has been employed for at least one hour in the previous seven days, has a job attachment if temporarily absent from work, or is available to work if work could be found.
Forty percent of children under five years of age in the Suaahara sample were stunted and 12 percent wasted, similar to the national average from the NDHS (Table 3. 2), but underweight prevalence and anemia prevalence were higher in the Suaahara sample than in the NDHS sample. Underweight and anemia prevalence of nonpregnant mothers in the Suaahara sample was also higher than comparable figures in the NDHS sample. While a lower proportion of mothers in the Suaahara sample followed optimal breastfeeding practices relative to the national (rural) NDHS average, a slightly higher proportion of mothers in the Suaahara sample reported introducing complementary foods at the right time and feeding foods from at least four food groups to children between 6 and 23.9 months of age. However, a slightly lower proportion of children within that age group seemed to receive meals at the minimum frequency or be fed iron-rich foods compared to children of that age in the rural NDHS sample. 
Child nutritional status
Children 0-59.9 months of age wasted 12 11 14
Children 0-59.9 months of age underweight 35 29 33
Children 6-59.9 months of age anemic 52 46
Mothers' nutritional status
Nonpregnant mothers underweight 24 18
Nonpregnant mothers anemic 42 35
Infant and young child feeding (IYCF) practices
Mothers initiate breastfeeding within one hour of birth 39 45
Mothers exclusively breastfeed children 0-5.9 months of age 49 70 77
Mothers introduce solid and semisolid foods to children 6-7.9 months of age 73 66
Mothers feed children 6-23.9 months of age from at least 4 food groups 46 30
Mothers feed children 6-23.9 months of age the minimum meal frequency recommended 72 79
Mothers feed iron-rich foods to children 6-23.9 months of age 20 24
Sources: *Authors' calculations, * *Nepal, MOHP et al. (2012) , and ***Central Bureau of Statistics (2012).
Women's Empowerment in Agriculture in Nepal
How empowered are Nepali women in agriculture? From the Suaahara baseline survey, we use five alternative measures to assess women's empowerment. First, we use the female respondent's individuallevel 5DE empowerment profile or score, which is the weighted average of the 10 indicators in Table 2 .1. The average 5DE score is 0.59, indicating a much lower level of empowerment in agriculture for Nepali women compared with women in Bangladesh (0.746), Guatemala (0.69), and Uganda (0.789) WEAI pilot areas ). Next, we use the findings from the WEAI diagnostics to identify the key dimensions on which to focus our analysis. The contributions of the five domains and the 10 indicators to women's disempowerment in the Nepali Suaahara sample are presented in Figures 3.2 and 3.3, respectively. Figure 3 .2 shows that the domains of leadership, production, resources, time, and income, in descending order, contribute the most to women's disempowerment. At the indicator level, the indicators "group membership", "control over use of income", "autonomy in production", and "workload" represent the largest contributions to women's disempowerment. Although the WEAI was formulated to be an additive and decomposable index, similar to the Alkire-Foster family of multidimensional indexes (Alkire and Foster 2011a, 2011b) , one cannot predict with certainty that empowerment in one domain (or sufficiency in an indicator) necessarily contributes to higher empowerment in aggregate. This is because of the very context-specific nature of gender relations. Moreover, each of the indicators is likely to be affected by different determinants (for example, factors that affect investment in social capital and community leadership may be different from those affecting autonomy in agricultural decisions), which makes finding instruments for the aggregate empowerment score challenging. That is, it may be more feasible to find valid instruments for the component indicators because they are confined to specific spheres of women's empowerment, but more difficult to find instruments for the aggregate empowerment score.
Agricultural Production in Nepal
Agriculture practiced by those in the survey sample is primarily rain fed and subsistence oriented. Maize, rice, wheat, millet, and potatoes are the five most important staple or field crops grown by the households. Just about half the households in the sample cultivate fruits and vegetables. Green leafy vegetables, pumpkin or zucchini leaves, green beans, sponge gourds, and chili or garlic are the top five fruits and vegetables grown by the sample households. About 80 percent of the sample households report owning large livestock, with 62 percent owning goats and 54 percent owning poultry. Milk is the most important animal product produced by the households, followed distantly by eggs and meat. Table 3 .3 shows that practically all the field crops and vegetables grown are for household consumption, with only a negligible percentage sold in the market. Source: Cunningham, Kadiyala, et al. (2013) .
EMPIRICAL SPECIFICATION
Nutritional status is determined by a complex interaction between individual dietary intake (quantity and quality) and health status, which is in turn determined by household food security, caring capacity and childcare practices, and access to adequate health services and sanitation (UNICEF 1990) . In this paper, we hypothesize that production diversity and women's empowerment affect dietary practices (for example, quality and quantity of diets consumed) and nutrition status.
Given that a majority of the Nepali households in our sample consume rather than sell what they produce (see Table 3 .3), we expect that mothers and children in households that produce a larger variety of agricultural products are also more likely to consume diverse diets. Dietary diversity, the most widely used measure of diet quality, has been associated with nutrient adequacy among both children and women (Torheim et al. 2004; ) and child anthropometry (Arimond and Ruel 2004) . Similarly, we hypothesize that women who are empowered in agriculture are able to make key decisions that allow them to ensure their own and their children's dietary diversity and nutritional status.
For simplicity, we denote the nutrition practice and outcome vector as the vector N, which comprises practices P and outcomes O. To investigate the relationships between nutrition practices (P), nutrition status (O), women's empowerment in agriculture, and diversity in agricultural production we estimate the following:
where I is a vector of individual characteristics, H is a vector of household characteristics, b0 , b1 , b2 , b3 , and b4 are parameters to be estimated, and e is an error term. Our key coefficients of interest are b1 and b2, which capture how women's empowerment and production diversity, respectively, are correlated with the nutrition practice or outcome, controlling for a conventional set of observable individual and household characteristics. We expect that both women's empowerment and production diversity predict (1) maternal dietary diversity, (2) children's dietary diversity, (3) maternal BMI, and (4) children's anthropometry (HAZ, WHZ, and WAZ). For child-level nutrition practices and anthropometry, pooling all the children under five years old in the same regression assumes that women's empowerment and production diversity is correlated with the dietary diversity and nutritional status of both older (over two years of age) and younger (under two years of age) children in the same way. It is now well known that the earlier and longer children are exposed to optimal conditions and behaviors, the more likely they are to be well nourished, especially in terms of linear growth. The first 1,000 days (that is, from conception to two years old) are now widely recognized as the period during which the greatest benefit from nutrition interventions could be accrued. Because this is a window of opportunity for targeting nutrition interventions, identifying the differential impacts of intervening variables on children depending on child age would help target interventions better. Therefore, the age at which assessments are made matters for the interpretation of findings, as well as for programmatic recommendations. For example, for children in the age group under two years of age, low HAZ probably reflects a continuing process of growth faltering, and for children over two years of age, it reflects a state of having faltered growth. To test whether women's empowerment and production diversity have differential effects on children by age group, we include a dummy variable for children under two years old (= 1 if under two) and also interact this dummy variable with the empowerment variable and production diversity variable. The resulting equation to be estimated for child-level nutrition outcomes (O C) is given by: OC = b0 + b1 empowerment + b2 production diversity + b3 under2 + b4 (empowerment × under2) + b5 (production diversity × under2)
where bj is the parameters to be estimated and ν is an error term. For children over two years old, the relationship between women's empowerment and the nutrition outcome is given by b1, and the relationship between production diversity and the nutrition outcome is given by b2. For children under two years old, the coefficient of interest is now (b1 + b4) for women's empowerment and (b2 + b5) for production diversity. Equation (2) also nests the test of the difference between the coefficients for older and younger children, which is represented by b3 and b4. If b3 (or b4) is significantly different from zero, then this suggests that the empowerment (or production diversity) coefficients for older and younger children are not equal. One possible source of bias in our analysis is the endogeneity of the empowerment and production diversity measures, both of which may be affected by the same factors that influence dietary diversity and nutrition status. To deal with this issue, we use standard instrumental variables (IV) techniques to identify different causal pathways affecting women's empowerment in agriculture and diversity in production.
To identify women's empowerment, we use instruments that capture various aspects of gender norms and the relative status of men and women in the Nepali context. These include (1) the proportion of sons out of the total number of children and (2) the cluster-level distance to markets. The proportion of sons can reflect a mother's relative status if there is a social preference for sons, which is typical in South Asia (Das Gupta et al. 2003; Priya et al. 2012) , while distance to market may reflect the intensity of a woman's work burden at home, the woman's degree of isolation within the community, and whether local norms on female mobility are binding.
Because agricultural production in Nepal is strongly determined by biophysical characteristics associated with specific agroecological zones, we use long-run district-level climate averages for the period 1981-2010 to identify production diversity.
5 These include the natural log of (1) mean annual rainfall, (2) maximum temperature, and (3) minimum temperature.
Outcome Variables
Maternal Dietary Diversity: Mothers' diet quality was measured using the Individual Dietary Diversity Score (Swindale and Bilinsky 2006) . Using prompts, mothers were asked to describe everything that they had eaten or drunk the previous day, or the day before that if the previous day was an unusual day for any reason, regardless of whether food was consumed in the home or outside. After probing to obtain the dietary recall for the entire 24 hours, enumerators recorded each item and then specifically asked whether items not mentioned were consumed. Using the 24-hour dietary recall data from mothers, we computed individual dietary diversity scores for mothers based on their consumption of nine food groups: starchy staples; beans, legumes, and nuts; dark green leafy vegetables; vitamin A-rich fruits, vegetables, and tubers; other fruits and vegetables; milk and milk products; eggs; fish; and meat (Arimond, Wiesmann, et al. 2010 ).
Children's Dietary Diversity: We also conducted a similar 24-hour recall asking the mother or primary caretaker of the child in the previous 24 hours to recall the diet of the child. Dietary diversity of children 6-59 months of age is measured as the number of food groups consumed in the last 24 hours out of seven food groups. Food consumption was grouped into grains (cereals and tubers); pulses (legumes and nuts); vitamin A-rich fruits and vegetables; other fruits and vegetables; dairy; eggs; and all flesh foods, including meat, fish, and poultry. For all dietary data, we followed World Health Organization (WHO) guidelines (WHO 2010) as closely as possible in categorizing local foods into the appropriate categories and consulted multiple Nepali and international agricultural and nutrition experts regarding items that were not easily classifiable.
Maternal BMI: Women's weight and height measurements are used to derive their BMI, expressed as weight in kilograms divided by height in meters squared (kg/m 2 ). Child Anthropometry: The enumerators measured weight and height or length and obtained information on the age of the child in months for all children under five years of age. Each child's anthropometric measurements were compared to the 2006 WHO child growth standards reference for his or her age and sex to compute HAZ, WAZ, and weight-for-height [WHZ] z-scores (WHO 2006).
Key Independent Variables
Agricultural Production Diversity: Our indicator for production diversity is the production diversity index, defined as the number of food groups produced by the household, parallel to the nine food groups used for measuring maternal dietary diversity using 24-hour recall (see above).
Women's Empowerment in Agriculture Index: Consistent with the use of the WEAI as a diagnostic tool for identifying areas of disempowerment for policy intervention , we use the underlying data that were used to construct the four indicators in which disempowerment was greatest to represent empowerment in these domains. We use each alternative empowerment indicator in turn as an explanatory variable to see how these key domains of empowerment correlate with nutrition practices and outcomes. For each dependent variable, we estimate five alternative specifications:
• Model 1: Aggregate empowerment score -The empowerment score of the primary female respondent, equal to the weighted average of achievements in the 10 indicators if the respondent is disempowered, and equal to 1 if the individual is empowered.
• Model 2: Group membership -The number of community social groups in which the respondent is an active member.
• Model 3: Control over use of income -The number of household agricultural and nonagricultural activities in which the respondent has some input in income decisions or feels she can make decisions.
• Model 4: Autonomy in production -The respondent's average Relative Autonomy Index 6 score over various activities linked to household agricultural production.
• Model 5: Workload -The total time spent by the respondent in market (paid) and nonmarket (unpaid) activities, including domestic chores and caring for children and the elderly. The first four measures are defined as increasing in empowerment, so higher numbers imply greater empowerment. The workload indicator, in contrast, may be nonlinear in empowerment-initially increasing in empowerment up to a certain critical threshold beyond which additional time spent may reflect time poverty and be disempowering rather than empowering. By construction, the workload indicator enters the WEAI negatively, that is, a woman who is overburdened by paid and unpaid work is considered to be disempowered . For the purpose of this paper, we restrict the sample to 2,783 households that have complete WEAI data for the female respondent.
Means and standard deviations of the dependent variables and other independent variables are presented in Table 4 .1. Child characteristics include a dummy variable for whether the child is a girl, a dummy for whether the child is under two years old, and the age and age squared of the child to capture nonlinear trends in age. Mother's characteristics include age and age squared, completed years of formal schooling, and height. Household characteristics include a dummy for whether both male and female decisionmakers are present, log of household size, dependency ratio (the household members under 15 and over 64 as a proportion of those of working age [ages 15-64]), socioeconomic status index (measured using principal components analysis of assets and housing characteristics), dummies for middle caste and lower (Dalit) caste (with high caste as the excluded category), whether the household belongs to a Suaahara intervention community, and dummies for the mountain and hill zones (with the lowland terai as the excluded category). Climate variables include the log differences between 2011 annual rainfall, maximum temperature, and minimum temperature and their respective long-run (1981-2010) averages. We can interpret these climate variables as (approximately) the percentage deviation of current (2011) rainfall levels (or temperature high/low) from their long-run normal levels. 
RESULTS
Maternal Dietary Diversity and Body Mass Index
Tables 5.1 and 5.2 present selected ordinary least squares (OLS) and IV estimates of the impact of production diversity (measured using the nine-item production diversity index) and measures of women's empowerment on mothers' dietary diversity and BMI, respectively. Full OLS and IV results are available from the authors upon request. Production diversity emerges as an important determinant of maternal dietary diversity across most specifications, using both OLS and IV techniques (Table 5 .1). The two exceptions are the IV regressions with autonomy in agricultural decisions and workload as the women's empowerment indicators, where production diversity is only weakly significant (at 10 percent) in the OLS regression and insignificant in the IV regression.
The challenges of instrumenting a composite indicator of women's empowerment emerge in this set of regressions on maternal dietary diversity. In the specification with the women's aggregate empowerment score, the Hansen J statistic leads us to reject the null hypothesis that the instruments are valid-that is, that they are correctly excluded from the estimated equation. We therefore take the results for the aggregate empowerment score with caution. However, we accept the null hypothesis of valid instruments when we use individual indicators of empowerment. Moreover, for all specifications, F-tests on the excluded instruments lead us to reject the null that their coefficients are equal to zero, and the endogeneity test of the regressors also confirms that the women's empowerment indicators and production diversity should be treated as endogenous.
Control over income weakly affects maternal dietary diversity in the OLS specification but loses significance once the endogeneity of this variable is taken into account. Autonomy in agricultural decisions and hours spent in paid and unpaid work, however, emerge as positive and significant factors increasing maternal dietary diversity in the IV regressions.
7 Note that these are the specifications in which production diversity is not significant, which may imply that once endogeneity of autonomy in agricultural decisions or mothers' hours spent working are taken into account, their effects may swamp the effects of having a more diversified production portfolio. Source: Authors' estimates using the 2012 Nepal Suaahara baseline data. Notes: OLS = ordinary least squares; IV = instrumental variables; Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Excluded instruments for production diversity in all models are the log of long-run mean rainfall, log of long-run mean maximum temperature, and log of long-run mean minimum temperature. Excluded instruments for empowerment indicators in Models 1 and 4: son ratio and distance to market. Excluded instruments in Models 2 and 3: son ratio. Excluded instrument in Model 5: distance to market. Controls include mother's age, age squared, height, and years of formal schooling completed; whether the household is a dual-adult household; log of household size; household dependency ratio; socioeconomic status index; middle caste dummy; lower caste dummy; intervention group dummy; dummies for agroecological and development zone; and climate variables (log of percent deviation of 2011 rainfall from long-run mean, log of percent deviation of 2011 average minimum temperature from long-run mean, and log of percent deviation of 2011 average maximum temperature from long-run mean). 0.035 0.035 0.035 0.035 0.035 Source: Authors' estimates using the 2012 Nepal Suaahara baseline data. Notes: BMI = body mass index; OLS = ordinary least squares; IV = instrumental variables; Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Excluded instruments for production diversity in all models are the log of mean rainfall, log of mean maximum temperature, and log of mean minimum temperature. Excluded instruments for empowerment indicators in all models: son ratio and distance to market. Controls include mother's age, age squared, height, and years of formal schooling completed; whether the household is a dual-adult household; log of household size; household dependency ratio; socioeconomic status index; middle caste dummy; lower caste dummy; intervention group dummy; dummies for agroecological and development zone; and climate variables (log of percent deviation of 2011 rainfall from longrun mean, log of percent deviation of 2011 average minimum temperature from long-run mean, and log of percent deviation of 2011 average maximum temperature from long-run mean). Table 5 .2 presents similar regressions for maternal BMI. In contrast to the dietary diversity regressions, the women's aggregate empowerment score and indicators for social capital (group membership) and control over income emerge as significant in the IV regressions.
8 Production diversity is significant only in the specifications with the aggregate women's empowerment score and control of income. Taken together, these results suggest that different aspects of women's empowerment may be at play in determining dietary diversity and BMI. Autonomy in agricultural production and women's work in unpaid and paid activities are positively associated with maternal dietary diversity, perhaps because they more directly influence the range of food that is available to the household, particularly in this setting where households are less dependent on the market for food. This is consistent with the positive and significant coefficients of production diversity in the dietary diversity regression in most specifications. In contrast, women's empowerment across all domains, ability to participate actively in groups (a measure of community leadership and social capital), and control of income are positively correlated with maternal BMI, but production diversity is no longer significant across all specifications-it is significant only in the IV regressions using the aggregate empowerment score and control of income. The indicators of group membership and control over use of income reflect a woman's engagement in her community and her ability to decide how household income is allocated. These results suggest that for production diversity to be translated into women's nutritional status, women must be able to control income or be empowered in other domains.
9
Child Dietary Diversity and Anthropometric Outcomes
Tables 5.3 to 5.6 present selected OLS and IV coefficients in regressions on children's dietary diversity, WAZ, WHZ, and HAZ, respectively. Because children's dietary patterns may vary depending on child age, and because the period between birth and 24 months is a critical period for child growth and development, we introduce an additional interaction term for the child being under two years of age. IV diagnostics suggest that the instruments are correctly excluded from the estimating equations only in the specification using autonomy in agricultural decisions and workload, so we discuss IV results only for these specifications, and OLS for others (Table 5. 3).
10 Unlike the results for mothers, production diversity does not emerge as a consistent predictor of children's dietary diversity in any of the specifications. However, in preferred OLS regressions using group membership, autonomy in agricultural decisions, and control over income as indicators of women's empowerment, there are indications that production diversity improves dietary diversity among children under two years of age (OLS coefficients significant at 10 percent level). The coefficient on the aggregate women's empowerment score and its interaction with the under-two dummy is insignificant in the (preferred) OLS specification. Both autonomy in agricultural decisions and hours spent in paid and unpaid work are positively correlated with child dietary diversity in the IV regressions, but these variables do not have a differential impact on children under two. Source: Authors' estimates using the 2012 Nepal Suaahara baseline data. Notes: OLS = ordinary least squares; IV = instrumental variables; Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Excluded instruments are: (1) for production diversity: the log of mean rainfall, log of mean maximum temperature, and log of mean minimum temperature; (2) for empowerment indicators in Models 1 and 4: son ratio and distance to market; (3) for empowerment indicators in Models 2 and 3: son ratio and log of mean rainfall; and (4) for empowerment indicators in Model 5: distance to market. Instruments for interactions of production diversity and empowerment with child under 2 are the instruments for each variable multiplied by the child under 2 dummy variable. Control variables are identical to those in the mother's regression, plus a dummy for a child under 2, a girl child dummy, age in months, and age squared.
Addressing the endogeneity of women's empowerment measures is more difficult with the child anthropometry regressions because, conceptually speaking, it is harder to find factors that affect maternal empowerment that do not directly affect child nutritional status. In the regressions for WAZ (a composite indicator of nutritional status reflecting both long-term and short-term components) and WHZ (a measure of short-term nutritional status), for example (Tables 5.4 and 5.5), we reject the null hypothesis that the instruments are uncorrelated with the error term and are correctly excluded from the estimated equation. In the WAZ regression in particular, we are unable to reject the null hypotheses that the production diversity and women's empowerment indicators are exogenous, so OLS is our preferred specification.
In the WAZ and WHZ regressions (Table 5 .4 and 5.5, respectively), a more diverse production portfolio is associated with neither children's WAZ nor WHZ. But the interaction of the production diversity variable with children under two is significant and negative, indicating that the association between production diversity and these anthropometric indicators is mediated through the age of the child: for children over two years of age (the excluded group), production diversity positively predicts WAZ and WHZ.
In the preferred OLS specification, control of income and autonomy of agricultural decisionmaking are positively associated with children's WAZ. Although IV regressions suggest that the number of hours worked is positively associated with WAZ overall and negatively associated with WAZ for children under two years of age, these results should be taken with caution because they are not robust to changes in estimation method-they are insignificant in the preferred OLS specification (Table 5 .4).
The only empowerment indicator that is significant in the WHZ regressions is the number of hours spent in paid and unpaid work, which has a positive effect on WHZ overall but a negative effect on WHZ for children under two (Table 5 .5). Although this result should be taken with caution, given the generally unsatisfactory performance of the IV regressions for WHZ in general, 11 it potentially points to an income effect of women's work that may affect short-term nutritional status positively but may also have negative implications for younger children.
Finally, in the regression for HAZ (Table 5 .6), an indicator of long-term nutritional status, the performance of the instruments is weak, with the exception of autonomy in agricultural decisions and workload as empowerment indicators.
12 So we primarily rely on the (preferred) OLS estimates to interpret the results. As in the case of WAZ and WHZ, the association between production diversity and HAZ appears to be mediated through the age of the child, with production diversity positively predicting HAZ for children over two years of age in all the models. Control over income (in the preferred OLS regression) and women having more autonomy in agricultural decisions and expending more hours in paid and unpaid work (in the preferred IV estimations) are positively correlated with higher HAZ for children. Source: Authors' estimates using the 2012 Nepal Suaahara baseline data. Notes: OLS = ordinary least squares; IV = instrumental variables; Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Excluded instruments are: (1) for production diversity: the log of mean rainfall, log of mean maximum temperature, and log of mean minimum temperature; (2) for empowerment indicators in Models 1, 2, 4, and 5: son ratio and distance to market; and (3) for empowerment indicators in Model 3: son ratio. Instruments for interactions of production diversity and empowerment with child under 2 are the instruments for each variable multiplied by the child under 2 dummy variable. Control variables are identical to those in the mother's regression, plus a dummy for a child under 2, a girl child dummy, age in months, and age squared. Source: Authors' estimates using the 2012 Nepal Suaahara baseline data. Notes: OLS = ordinary least squares; IV = instrumental variables; Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Excluded instruments are: (1) for production diversity: the log of mean rainfall, log of mean maximum temperature, and log of mean minimum temperature; (2) for empowerment indicators in Model 1: son ratio and distance to market; (3) for empowerment indicators in Models 2 and 3: son ratio; and (4) for empowerment indicators in Models 4 and 5: distance to market. Instruments for interactions of production diversity and empowerment with child under 2 are the instruments for each variable multiplied by the child under 2 dummy variable. Control variables are identical to those in the mother's regression, plus a dummy for a child under 2, a girl child dummy, age in months, and age squared. Source: Authors' estimates using the 2012 Nepal Suaahara baseline data. Notes: OLS = ordinary least squares; IV = instrumental variables; Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Excluded instruments are: (1) for production diversity: the log of mean rainfall, log of mean maximum temperature, and log of mean minimum temperature and (2) for empowerment indicators in all models: son ratio and distance to market. Instruments for interactions of production diversity and empowerment with child under 2 are the instruments for each variable multiplied by the child under 2 dummy variable. Control variables are identical to those in the mother's regression, plus a dummy for a child under 2, a girl child dummy, age in months, and age squared.
Discussion and Policy Implications
Our results suggest that production diversity at the household level plays an important role in determining maternal nutrition outcomes: mothers' dietary diversity and BMI. The effects of production diversity on children's nutrition outcomes appear to be mediated through the age of the child. We find that production diversity is positively associated with dietary diversity for children under two and predicts WAZ, WHZ, and HAZ for children over two years of age. Different dimensions of women's empowerment also appear to have different effects on dietary diversity and nutritional status for both mothers and children. Autonomy in agricultural production decisions emerges as a key determinant of almost all mother and child outcomes, with the exception of maternal BMI. The number of hours in paid and unpaid work is also positively associated with maternal dietary diversity, children's dietary diversity, and children's WHZ and HAZ. Control of income is important as a determinant of maternal BMI and child's WAZ, while group membership is positively associated with maternal BMI.
The highly significant and positive association between women's autonomy in agricultural production and almost all maternal and child outcomes is consistent with bargaining models that suggest that individuals who have greater decisionmaking power in the household receive a larger share of the benefits from household resources, including nutritious food. The positive impact of hours worked also points to the possibility that an income effect may be associated with improved dietary diversity among both mothers and children, and with nutritional outcomes for children but not for mothers. However, the results for hours worked also point to the ambiguity of women's workload as an indicator of women's empowerment. By construction, the WEAI treats excessive work by women, defined as spending more than 10.5 hours per day in paid and unpaid activities, as a sign of disempowerment. However, our regressions suggest that the number of hours worked by a woman in both paid and unpaid tasks contributes to improved diets and nutrition status for her children, though not necessarily her own nutrition status. Workload thus emerges as something similar to a double-edged sword: does the income derived from work make additional resources available for improving both maternal and child nutrition, or do mothers voluntarily work more hours to improve their families' nutrition, but at the expense of their own empowerment and nutrition?
Overall, our results also suggest that the domains of empowerment that are significant for women and children's diet and nutrition outcomes may not always overlap. This suggests that improved nutrition is not necessarily correlated with being empowered in all the domains of empowerment and that different domains may have different impacts on nutrition, consistent with other findings in the empowerment literature (Kabeer 1999) . For maternal BMI, overall empowerment, engagement in the community, and control of income emerge as important, whereas empowerment related to autonomy in production and the mother's workload are determinants of her own dietary diversity. It is also noteworthy that autonomy in production and, to a lesser extent, workload emerge consistently as a determinant of child nutrition, across several outcomes.
Measures of autonomy have recently been attracting attention as another way to conceptualize empowerment Deci 2000, 2011; Vaz et al. 2013) . In this particular example, the autonomy indicator measures the extent to which a woman's motivation for her behavior in agricultural decisionmaking is fairly autonomous as opposed to somewhat controlled and is also related to her psychological well-being. Thus, interventions to increase women's agency and capability to make decisions in agriculture may not only provide another opportunity to engage them more visibly in agriculture, an area where they have traditionally been undercounted (FAO 2011), but also work to improve child nutrition as well as their own well-being.
